The effects of genetic line on intramuscular fat content, perirenal fat content, and activity of some enzymes involved in lipid metabolism were studied. One hundred twenty animals from 3 synthetic lines, A and V selected for litter size at weaning and R selected for growth rate between weaning and slaughter, were used in this experiment. One-half of the rabbits were slaughtered at 9 or 13 wk of age, and perirenal fat content (PF) and 2 muscles, LM and semimembranosus proprius (SP), were studied. Semimembranosus proprius muscle showed greater lipogenic [glucose-6-phosphate dehydrogenase (G6PDH) and fatty acid synthase (FAS)] and oxidative enzyme activities [β-hydroxyacylCoA dehydrogenase (HAD) and citrate synthase (CS)] compared with LM. Longissimus muscle had less lipogenic and more glycolytic activity (lactate dehydrogenase (LDH)] than SP. Enzymatic activity and lipid content were affected by age. Lipogenic and glycolytic enzyme activity increased from 9 to 13 wk of age in SP muscle. In LM, lipogenic activity remained stable, but glycolytic activity increased and lipolytic and oxidative activity decreased with age. Genetic line had an influence on lipogenic, lipolytic, and oxidative enzyme activities, which was related to differences in muscle lipid content (IMF). Line A showed greater lipogenic (G6P-DH and malic enzyme) and lipolytic activity (neutral lipase), which was associated with a greater IMF in this line. In SP muscle, line R showed a greater HAD activity than lines A and V, and CS activity was greater in lines R and A than in line V. In LM, no differences between lines were found for oxidative enzymes. The relationship between IMF and PF was different between lines, with lines A and V showing positive correlation values (r = 0.56 and r = 0.70, respectively) and line R no relationship between both traits (r = 0.06). Results from this study showed that lipogenic and oxidative enzyme activity are related to muscle lipid deposition. Genetic line had an effect on metabolic enzyme activity and, consequently, on IMF deposition.
INTRODUCTION
Muscle lipid content is an important factor for dietetic and sensory meat properties, but an excessive deposition of fat could lead to the detriment of meat quality. Lipid deposition in muscle depends on a reciprocal balance between anabolic and catabolic fatty acid fluxes. Glucose-6-phosphate dehydrogenase (G6P-DH) and malic enyme are involved in supplying NADH phosphate for fatty acid synthesis. Differences in the activity of these enzymes could lead to differences in fat content as has been previously found in rabbits (Gondret et al., 1997) , pigs (Mourot and Kouba, 1998) , and cattle . Fatty acid synthase (FAS) catalyzes the last step in the fatty acid biosynthetic pathway. It has been proposed that FAS activity can be manipulated to reduce carcass fat deposition (Clarke, 1993) .
Fatty acids are oxidized by the β-oxidation pathway, in which the β-hydroxyacyl-CoA dehydrogenase and citrate synthase are involved. A reduction in the rate of muscle lipid oxidation has been postulated to favor lipid deposition (Astrup et al., 1997; Marques-Lopes et al., 2001) .
Metabolic enzyme activity has been reported to be influenced by age (Gondret et al., 2004) . Moreover, differences in metabolic characteristics among genotypes have been previously studied in pigs (Morales et al., 2002) and cattle .
Comparison between lines of different genetic origins can be used to find major genes or to create new synthetic lines to have genetic variation for the traits of interest. Differences between rabbit lines among muscle lipid content have been previously observed Polak et al., 2006; Hernández et al., 2008) . However, little is known about the influence of different genetic origins on enzymes related to lipid metabolism in rabbits. The objective of this study is to compare rabbit lines of different genetic origin in intramuscular fat content and the activity of enzymes involving lipid metabolism.
MATERIALS AND METHODS
All experimental procedures were approved by the Research Ethics Committee of the Universidad Politéc-nica de Valencia.
Animals
A total of 120 animals from 3 synthetic lines A, V, and R (40 animals per line) with different genetic origins were used in this experiment. Line A has a New Zealand origin, line V is a blend of New Zealand and Californian origins, and line R was formed by mixing commercial hybrids used as terminal sires. Lines A and V were selected for litter size at weaning (4 wk of age) for 37 and 34 generations, respectively. Selection methods were family index for line A and BLUP under a repeatability animal model for line V (Estany et al., 1989) . Line R was selected for growth rate between weaning and slaughter (9 wk of age) for 25 generations by individual selection. Rabbits were randomly collected from different litters, avoiding mating between close relatives.
Animals were reared at the experimental farm of the Universidad Politécnica de Valencia. From weaning to 9 wk of age, rabbits were reared collectively and were fed ad libitum with a commercial diet formulated for growing rabbits (15.5% CP, 15.5% crude fiber, 3.1% fat). During the subsequent experimental period, rabbits were housed in individual cages and received a restricted feed with a diet formulated for adults (17% DM CP, 16.7% crude fiber, 3.2% DM fat). The amount of feed was 135 g/d and was distributed once daily, in the morning, because this is the common practice in commercial conditions. Rabbits were slaughtered by electrical stunning and exsanguination at 9 or 13 wk of age (60 animals per age group). Animals were slaughtered at the abattoir on the farm; thus, they did not suffer stress due to transportation. No fasting was applied.
Before slaughter, BW of animals was recorded. After slaughter, carcass weight (CW) was measured and perirenal fat depot and 2 muscles, LM and semimembranosus proprius (SP), were excised from the carcass. Samples were weighed, frozen in liquid nitrogen, vacuum-packed, and stored at −80°C until analysis.
Measurements of Lipogenic Enzyme Activities
Activities of G6PDH and malic enzyme, NADH phosphate-producing enzymes for lipogenesis, and FAS, controlling a key step of fatty acid synthesis, were measured on LM and SP muscle. A weighed quantity of tissue, 1 g for LM and 500 mg for SP, was homogenized in 2.5 mL of ice-cold 0.25 M sucrose solution containing 1 mM dithiothreitol and 1 mM EDTA. Homogenates were centrifuged at 10,000 × g for 1 h at 4°C, and cytosolic supernatants were collected for enzyme assays. The activities of G6PDH, malic enzyme, and FAS were assessed at 37°C using a spectrophotometer (model UV-1601, Shimadzu Co., Tokyo, Japan) at 340 nm according to the methods described by Fitch et al. (1959) , Hsu and Lardy (1969), and Chang et al. (1967) , respectively. Enzyme activities were expressed in nanomoles of NADH phosphate produced (G6PDH, malic enzyme) or oxidized (FAS) per minute and per gram of fresh tissue. Soluble protein content was determined in the supernatant by using the bicinchoninic acid (BCA) protein assay (working range 20 to 2,000 µg/mL) kit (Smith et al., 1985) provided by Pierce (Rockford, IL).
Determination of Catabolic Enzyme Activities
The activity of β-hydroxyacyl-CoA dehydrogenase (HAD), citrate synthase (CS), and lactate dehydrogenase (LDH) was determined in LM and SP muscles. Each sample (200 mg) was homogenized in 50 vol (wt/vol) of ice-cold 0.1 M phosphate buffer (pH 7.5) containing 2 mM EDTA. After centrifugation at 6,000 × g for 15 min at 4°C, the supernatant fractions were collected and used for further assays. The activity of HAD enzyme, reflecting the potential for fatty acid β-oxidation, was assayed according to the method described by Bass et al. (1969) . Citrate synthase enzyme, involved in the tricarboxylic acid cycle and reflecting mitochondrial density, was determined to estimate whole-muscle oxidative capacity. Enzyme activity was assayed by the method of Srere (1969) . Lactate dehydrogenase enzyme, representative of the glycolytic pathway, was determined by the method of Bergmeyer and Bernt (1974) . Assays were conducted at 30°C in a spectrophotometric analyzer Fluostar Galaxy (BMG Lab Technologies, Offenburg, Germany) at 340 nm for HAD and LDH or at 405 nm for CS. Enzyme activities were expressed as micromoles of NADH (HAD, LDH) or of mercaptide ion (CS) released per minute and per gram of fresh tissue. Soluble protein content was determined in the supernatant by using the BCA Protein Assay Kit as described above.
Determination of Lipolytic Enzyme Activities
Acid lipase (AL), neutral lipase (NL), and acid phospholipase (APL) were assayed on LM according to the method described by Hernández et al. (1999) using 4-methylumbelliferyloleate as fluorescent substrate. Lipolytic enzyme activities were measured only in LM because of the lack of enough SP muscle remaining after other analyses. Four grams of muscle were homog-enized in 25 mL of 50 mM phosphate buffer (pH 7.5) containing 5 mM ethylene glycol tetraacetic acid. The homogenate was centrifuged at 10,000 × g for 20 min at 4°C, and the resulting supernatant was filtered through glass wool and used for enzyme assays. Reaction mixtures of lipase assays with fluorimetric substrates were incubated at 37°C for 20 min. The fluorescence was measured at an excitation wavelength of 355 nm and an emission wavelength of 460 nm using a Fluostar Galaxy fluorometer (BMG Lab Technologies). Enzyme activities were expressed as micromoles of substrate hydrolyzed per hour and per gram of fresh tissue.
Determination of Lipid Content
Lipid content of muscle was determined by ether extraction (Soxtec 1043 extraction unit, Tecator, Hö-ganäs, Sweden) and was expressed as grams per 100 g of fresh tissue. Lipid content was determined only in LM.
Statistical Analyses
Data were analyzed using a model with line (with 3 levels, A, V, and R), age (with 2 levels, 9 and 13 wk), and sex effects. A Bayesian analysis was performed. Data were assumed to be normally distributed. Bounded flat priors were used for all unknown parameters. Marginal posterior distributions of all unknowns were estimated using Gibbs sampling. After some exploratory analyses we used one chain of 60,000 samples with a burn-in period of 10,000 for each trait. Convergence was tested for each trait using the Z criterion of Geweke (1992) . Monte Carlo SE were computed. Details of the procedure can be found in Blasco (2001) and in Sorensen and Gianola (2002) .
From the marginal posterior distributions of the differences between effects of each trait, the following parameters were obtained: the median of the marginal posterior distribution of the difference; the highest posterior density region at 95%; the probability of lines being different (probability of the difference between lines being greater than zero when this difference is greater than zero, or the probability of the difference between lines being less than zero when this difference is less than zero; Prob). Correlations were computed applying CORR procedure (SAS Inst. Inc., Cary, NC).
RESULTS
Descriptive statistics of BW, carcass and muscle weights, perirenal fat content (PF), and LM lipid content of rabbits at 9 and 13 wk of age are given in Table  1 . Perirenal fat content and LM lipid content (IMF) represent a very small percentage of the carcass tissue (1.55 and 0.05%, for PF and IMF, respectively). Tables  2 and 3 show descriptive statistics of lipogenic, catabolic, and lipolytic enzyme activities of SP and LM, respectively, at 9 and 13 wk of age.
For all the traits analyzed, Monte Carlo SE were very small and are not offered in the tables. The Geweke test did not detect lack of convergence in any case. Table 4 shows the features of the estimated marginal posterior distributions of the differences between rabbit lines for BW, CW, and muscle weight of rabbits. Carcass weight was greater in line R than in lines A and V. Similar results were observed for LW, LM weight, and SP muscle weight, showing line R greater values than the other lines. Body weight, CW, and muscle weights increased from 9 to 13 wk. The medians of the marginal posterior distribution of the differences between 13 and 9 wk of age for LW, CW, LDW, and SP muscle weight were 823 (Prob = 1.00), 614 (Prob = 1.00), 61.7 (Prob = 1.00), and 1.67 (Prob = 1.00), respectively.
Lipogenic Enzyme Activities
Semimembranosus proprius muscle showed greater G6PDH and FAS activities and less malic enzyme activity than LM (Tables 2 and 3) . However, malic enzyme activity was greater in SP than in LM when results were expressed on a soluble-protein-content basis due to the decreased cytosol protein content of SP muscle. Table 5 shows the features of the estimated marginal posterior distributions of the differences between rabbit lines for lipogenic enzyme activities of LM and SP muscle. A genetic line effect was observed for lipogenic enzymes activities in both muscles. In SP muscle, line A had greater G6PDH and malic enzyme activity than V and R lines, whereas the evidence of the differences between lines for FAS activity was small. In LM, lines A and V had a greater G6PDH activity than R (Prob = 0.98 and Prob = 0.96, in lines A and V, respectively). Little evidence of differences between lines was found for the activity of malic enzyme and FAS in LM. Lipogenic activity increased with age in SP muscle; the median of the marginal posterior distribution of the differences between 13 and 9 wk of age for G6P-DH, malic enzyme, and FAS were 57.8 (Prob = 0.95), 69.1 (Prob = 0.98), and 7.52 (Prob = 0.81), respectively. However, no differences were found between ages in LM. No sex effect was found for lipogenic activity. Similar results were obtained when the activities were expressed on a soluble-protein-content basis.
Catabolic Enzyme Activities
The greatest glycolytic activity (LDH) was found in LM. Conversely, SP muscle showed a greater oxidative activity (HAD and CS) than LM (Tables 2 and 3) . Table 6 shows the features of the estimated marginal posterior distributions of the differences between rabbit lines for catabolic enzyme activities of LM and SP muscle. An influence of genetic line was observed for HAD and CS oxidative enzymes. In SP muscle, line R showed a greater HAD activity than lines A and V, and CS activity was greater in lines R and A than in line V. In LM, CS activity was greater in line V than in line R; however, values of HAD activity were similar for the 3 lines, differences between lines being small for HAD enzyme. No genetic line effect was found for glycolytic enzyme LDH in LM or SP muscles.
Glycolytic activity increased with age in both muscles; the median of the marginal posterior distribution of the differences between 13 and 9 wk of age for LDH activity in LM and SP were 131.78 (Prob = 0.98) and 5.96 (Prob = 0.98), respectively. The HAD activity decreased with age only in LM; differences between 13 to 9 wk of age were −0.38 (Prob = 0.98). No differences between males and females were observed for catabolic 
Lipolytic Enzyme Activities
Features of the estimated marginal posterior distributions of the differences between rabbit lines for lipolytic enzyme activities of LM are presented in Table 7 . Differences between lines were observed for NL. Line A had a greater NL activity than V and R, whereas little evidence of differences between V and R were found for this enzyme (Prob = 0.92). No differences between lines were found for AL and APL.
A small decrease in lipolytic activity was observed with age; the medians of the marginal posterior distribution of the differences between 13 and 9 wk of age for AL, NL, and APL were −0.08 (Prob = 1.00), −0.48 (Prob = 1.00), and −0.08 (Prob = 1.00), respectively. No sex effect was found for lipolytic activity. Table 8 shows the features of the estimated marginal posterior distributions of the differences between rabbit lines for IMF and PF. The largest differences appeared between line A and the other lines in both traits, showing line A greater IMF and PF content than V and R. Little evidence of differences was found between lines V and R. Regarding the sex effect, no differences were found for IMF and PF between males and females.
Lipid metabolism in rabbit lines

Muscle and Perirenal Fat Content
Perirenal fat content increased with age in the 3 lines; the median of the marginal posterior distribution of the differences between 13 and 9 wk of age for PF was 17.04 (Prob = 1.00). Nevertheless, IMF increased with age in lines A and V but remained stable in line R; the median of the marginal posterior distribution of the differences between 13 and 9 wk of age were 0.418 (Prob = 1.00), 0.199 (Prob = 1.00), and −0.017 (Prob = 0.63), respectively. Besides, a different relationship between muscle and PF was found among lines. Correlations between IMF and PF were positive in line A (r = 0.56) and V (r = 0.70); however, no relationship was found in line R (r = 0.06).
DISCUSSION
Bayesian techniques have been proposed as a powerful tool for meat quality analyses (Blasco, 2005) . The main advantage when compared with classical techniques is the use of probability, which on one side permits greater accuracy about the uncertainty of an estimation and on the other side allows the construction of different types of probability intervals to answer different questions. We present the differences between lines or ages, associated to probabilities of these differences being greater than zero and associated with their probability intervals. The P-values are not equivalent to these probabilities because P-values are related to the distribution of the samples; thus, they do not measure the actual probability of the differences.
Influence of Muscle on Metabolic Characteristics
Muscles studied in this experiment have a different fiber type composition. Semimembranosus proprius is a slow-twitch oxidative muscle composed mainly of type I fibers with greater lipid content, and LM is a fasttwitch glycolytic muscle composed of type IIa and IIb fibers with less lipid content (Alasnier et al., 1996) . Our results indicate that metabolic type of muscle influences lipogenic and catabolic enzyme activities. Semimembranosus proprius muscle showed greater lipogenic capacity with a greater potential for oxidative catabolism. In contrast, LM had a smaller potential for lipogenesis with greater glycolytic activity. These results are in agreement with Gondret et al. (2009) .
Influence of Age on Metabolic Characteristics and Lipid Content
Rabbits were slaughtered at 9 or 13 wk of age to obtain light and heavy carcasses, respectively. Light carcasses are generally consumed in Spain, and heavy carcasses are generally consumed in France and Italy.
Body weight, CW, muscle weights, PF, and IMF increased with age. This age-related increase has been previously observed by other authors (Gondret et al., 2004; Hernández et al., 2004) .
Enzymatic activity was also affected by age. Lipogenic enzyme activity of SP muscle showed an increase from 9 to 13 wk of age, which was also associated with an increased glycolytic enzyme activity (LMH). However, in LM, lipogenic activity remained stable during this period, whereas glycolytic metabolism increased and the activity of the oxidative enzyme HAD decreased. Gondret et al. (2004) observed an increase in the capacity for fatty acid synthesis and a decreased potential for oxidative catabolism, and Dalle Zote and Ouhayoun (1995) and Hernández et al. (2004) found an increase in glycolytic pathway with age.
Muscle lipases and phospholipases contribute to the hydrolysis of the lipid fraction releasing free fatty acids and related compounds. Differences in the activity of these enzymes could lead to different concentration of flavor precursors and, consequently, differences in meat flavor (Toldrá and Flores, 1998) . Regarding the effect of age on muscle lipolytic capacity, our results showed a small decrease in the activity of lipolytic enzymes studied. To our knowledge, there are no studies about the influence of age on these activities in rabbits. In pigs, Armero et al. (1999) reported increased AL and decreased NL activity with age.
A different pattern of muscle fat accretion was found among lines. Lines A and V increased muscle lipid content from 9 to 13 wk of age, but line R remained stable. The reason for this discrepancy could be the feed restriction received from 9 to 13 wk of age. Feed restriction during fattening reduces intramuscular lipid deposition in rabbits (Gondret et al., 2000) . Although feed restriction affected the 3 lines, it could have more impact on lipid characteristics of line R, selected for growth rate and therefore with a greater appetite (Feki et al., 1996) , than on other lines, selected for litter size.
Influence of Genetic Line on Metabolic Characteristics and Lipid Content
Previous experiments showed differences in growth and feed conversion between the lines used in this experiment (Blasco and Gómez, 1993; Feki et al., 1996) . These authors found that line R had a greater growth rate (9 g/d) than lines A and V. In our experiment line R had greater BW, CW, and muscle weight than lines A and V selected for litter size. These results are in agreement with those obtained by Hernández et al. (2006) . Differences between rabbit lines selected for different criteria among fat content and fatty acid composition of hind leg meat have been previously studied (Hernán- Lipid metabolism in rabbit lines dez et al., 2008) . In addition, several works have shown differences between selected and nonselected animals for growth rate among dissectible fat (Hernández et al., 2004) and fatty acid composition of leg meat (Ramírez et al., 2005) . Nevertheless, these studies have not been focused on IMF. Our experiment studies the genetic variability of IMF and enzymes controlling the synthesis and degradation of meat lipids.
Results of the present study showed an influence of genetic line on lipogenic, lipolytic, and oxidative enzyme activities. Differences for these enzymes should be related to differences for muscle lipid content. In fact, a greater muscle lipogenic activity in rabbits from line A was associated with a greater muscle lipid content of this line. A relationship between IMF and lipogenic activity was also observed in previous studies (Gondret et al., 1997; Mourot and Kouba, 1999) .
Several reports have shown that rabbit genetic origin influence muscle lipid content Polak et al., 2006; Hernández et al., 2008) . However, there are no studies about the influence of genetic line on lipogenic activity in rabbit muscle. Breed comparisons in pigs (Mourot and Kouba, 1998; Morales et al., 2002) and cattle showed a greater lipogenic activity in breeds with greater IMF.
A decreased oxidative capacity of muscle has been related to an increase of muscle lipid deposition in humans (Astrup et al., 1997; Marques-Lopes et al., 2001) , rats (Young et al., 2002) , and more recently in fish (Kolditz et al., 2008) . The results of the current study showed a greater HAD activity in line R compared with the other lines in SP muscle; however, CS enzyme activity was greater in lines R and A. No differences for oxidative enzymes were found in LM. The reduced IMF found in rabbits of line R seems to be related to the enhanced muscle oxidative capacity observed in this line. On the other hand, no differences between lines were found for glycolytic pathway in LM or SP muscle. These results are in agreement with previous experiments (Hernán-dez et al., 2004 (Hernán-dez et al., , 2006 reporting no differences between different rabbit lines for muscle glycolytic and oxidative enzyme activity.
Lipolysis plays a role in the development and maintenance of fat stores. Lipoprotein lipase contributes to the hydrolysis of circulating triglycerides and has been negatively associated with marbling in cattle (Jurie et al., 2002) . Besides, a positive relationship has been found between AL activity and IMF in LM from pigs (Cava et al., 2004) . The information about the influence of genetic line on lipolytic activity is scarce in rabbit meat. Our findings do not agree with previous results from Hernández et al. (2008) . These authors reported a greater lipolytic activity in line R than in lines A and V. However, their study was carried out in the leg meat, and the present work is in LM.
As we previously commented, fat deposition was affected by genetic line. Furthermore, the relationship between IMF and PF was also affected by genetic line. Lines A and V showed positive correlations values between IMF and PF, r = 0.56 and r = 0.70, respectively; similar values were reported by Niedzwiadek (1984) between carcass fat content and IMF (r = 0.69) in rabbits. However, line R showed no relationship between these traits (r = 0.06). Genetic correlations between IMF and backfat thickness have been studied in pigs showing a wide range from 0.04 (reviewed by Sellier, 1998) to 0.64 (Solanes et al., 2009 ). Thus, part of the genetic variation of IMF is independent of the genetic variation in overall lipid content of the carcass. Different lines with different genetic composition can lead to different genetic relationships between IMF and carcass fat.
The results from the current study showed that lipogenic and oxidative enzymes are related to muscle lipid deposition. Therefore, these enzymes, especially G6PDH, malic enzyme, and HAD, could be relevant indicators of muscle lipid deposition. We report some evidence that genetic line had an influence on metabolic enzyme activity parallel to an influence on lipid deposition. The genetic variability found in lipid metabolism between lines suggests the possibility of finding genetic variability within line, allowing the improvement of IMF by selection or changing enzyme activity by molecular techniques. Showing the existence of genetic variability between lines opens the possibility of further use of this variability in genetic programs.
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